Abstract. Ba 2+ Fe 12 O 19 (BaO.6Fe 2 O 3 ) films have been grown on (0001) sapphire substrate using pulsed laser deposition (PLD) technique. Prepared films were characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), X-ray reflectivity (XRR), atomic force microscopy (AFM) and magnetic measurements. XRD confirms the formation of Ba 2+ Fe 12 O 19 phase, whereas presence of Fe 2 O 3 was also identified. X-ray photoelectron spectroscopy (XPS) shows the signature of all the elements present in the barium ferrite. XRR data show the thickness of the film is ~ 24.2 nm with top layer roughness of ~ 3.7 nm. AFM measurement suggests the formation of clusters with average roughness of ~ 3.9 nm. Magnetic measurements of the target reveal its anisotropic nature with coercivity values: 0.23 and 0.24 T, obtained along two orthogonal directions. For the prepared thin film, the obtained coercivity ~80 mT and saturation induction 0. 
Introduction
Prominent feature of M-type hexaferrites is their chemical inertness, large uniaxial anisotropy inherent in the hexagonal crystal structure where the crystallographic c-axis is the magnetic easy axis, and high coercivity [1] [2] . Hexaferrites have been the subject of intensive studies due to an appealing combination of good magnetic properties and low cost. This large family of oxides with hexagonal crystal structure contains ferrimagnetic compounds with easy axis of magnetization (e.g. M-type ferrites) and easy plane of magnetization (e.g. Y-type ferrites). Hence, hexaferrites have been widely adopted in two distinct fields: permanent magnets and microwave technology components [3] . In exchange spring media, two magnetically hard layers and a magnetically softer layer are strongly exchange coupled. The technological realization of such materials shows that they should be crystallographically coherent and consequently they are magnetically exchange coupled [4] 
Experimental details
Thin film was deposited using a commercial barium hexaferrite target mounted on a rotating axel, and deposition was done for 30 min on (0001) sapphire (Al 2 O 3 ) substrate. PLD set-up uses a KrF excimer laser (Lambda Physik model COMPEX-201) of wavelength 248 nm and pulse duration of 20 ns. During deposition the laser energy was kept 200 mJ/pulse, with pulse repetition rate of 10 Hz. The substrate temperature and oxygen pressure were maintained respectively at 800 °C and ~ 50 Pa (base pressure ~ 0.001 Pa). Focussed laser beam was made incident on the target surface at an angle of 45°. The substrate was mounted opposite to the target at a distance of 4 cm on a heater plate. After deposition, the sample was cooled slowly to room temperature. During cooling, the oxygen pressure was raised to 101325 Pa. It is of value to note that similar experimental conditions as well as same substrate (sapphire) was used to deposit barium hexaferrite thin films as reported in [5] . X-ray reflectivity and X-ray diffraction (ϑ-2ϑ configuration) measurements were done using a Bruker D8 Advance diffractometer, with Cu-K α radiation (λ = 0.154 nm). The X-ray photoelectron spectroscopy (XPS) study was carried out using an Omicron EA-125 photoelectron spectrometer at a base pressure better than 6.7 × 10 −8 Pa. Al K α radiation was employed for recording the spectra. Au 4f7/2 at 84.7 eV served as an external reference. The sample surface was cleaned using 1 keV Ar ions before performing measurements to remove surface contamination. Atomic force microscope (AFM) image of sample was taken by Nanoscope-E using a pyramidal silicon nitride tip in contact mode. Magnetization measurements on target and deposited thin film were done using LakeShore Model 7410 VSM with a maximum applied field of ± 1.7 Tesla. Figure 1 depicts the X-ray diffraction pattern of Ba
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2+
Fe 12 O 19 thin film. XRD of the substrate (Al 2 O 3 ) was also done and the contribution of the substrate was subtracted from the diffraction pattern of the film. But, still a strong peak corresponding to substrate is seen in figure 1 . Analysis of XRD pattern reveals the formation of Ba 2+ Fe 12 O 19 phase with lattice parameters: a = 0.5936 nm, c = 2.3297 nm, matches well as reported in [3] . XRD pattern also shows the presence of Fe 2 O 3 phase (Lattice parameters: a = 0.5572 nm, c = 2.2506 nm), also agrees well with the values given in JCPDS database. Figure 2 depicts the XPS spectrum corresponding to the pulsed laser deposited thin film prepared from barium ferrite target on sapphire (Al 2 O 3 ) substrate. Perusal of figure 2 shows the signature of all the elements present in barium ferrite. Figure 3 shows the X-ray reflectivity pattern of the prepared film. Experimentally obtained XRR data were fitted using software based on the formalism developed by Parratt [6] . The thickness value obtained by fitting the X ray reflectivity pattern is ~ 24.2 ± 0.5 nm with top layer roughness ~3.7 nm. Figure 4 shows the AFM image of the prepared film. AFM image shows cluster formation with average roughness ~ 3.9 nm, matches well with reflectivity measurements. Observed surface roughness (~ 3.9 nm) can be attributed to the higher substrate temperature during deposition. Figure 5 shows the hysteresis loops of the target in two orthogonal directions, suggests the presence of in-plane anisotropy, with coercivity values 0.23 and 0.24 T respectively. O-1s
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